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Abstract
Introduction:  Controversies  arise  with  respect  to  functioning  of  the  middle  ear  over  time.
Objective:  To  assess  changes  in  middle  ear  impedance  that  may  be  related  to  aging,  and/or  if
there was  an  association  of  these  changes  with  those  of  the  inner  ear  in  the  elderly  patients.
Methods:  Cross-sectional,  comparative  study  of  elderly  patients  managed  in  ear,  nose  and
throat clinics.  A  structured  questionnaire  was  administered  to  obtain  clinical  information.  Pure
tone audiometry,  tympanometry,  and  acoustic  reﬂexes  were  performed.  Comparative  analy-
ses were  performed  to  detect  intergroup  differences  between  clinico-audiometric  ﬁndings  and
middle ear  measures,  viz.  tympanograms  and  acoustic  reﬂexes.
Results:  One  hundred  and  three  elderly  patients  participated  in  the  study;  52.4%  were  male,
averagely 70.0  ±  6.3  years  old,  age-related  hearing  loss  in  59.2%,  abnormal  tympanograms  in
39.3%, absent  acoustic  reﬂex  in  37.9%.  There  was  no  association  between  age  and  gender  in
patients with  abnormal  tympanograms  and  absent  acoustic  reﬂex.  Signiﬁcantly  more  patients
with different  forms  and  grades  of  age-related  hearing  loss  had  abnormal  tympanometry  and
absent acoustic  reﬂex.
Conclusion:  Some  abnormalities  were  observed  in  the  impedance  audiometric  measures  of
elderly patients,  which  were  signiﬁcantly  associated  with  parameters  connected  to  age-related
hearing loss.
© 2014  Associac¸ão  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published  by
Elsevier Editora  Ltda.  All  rights  reserved.
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PALAVRAS-CHAVE
Impedância  elétrica;
Audiometria  de  tons
puros;
Idoso;
Presbiacusia;
Reﬂexos  acústicos
Estudos  de  impedância  da  orelha  média  em  pacientes  idosos;  implicac¸ões  na  perda
auditiva  relacionada  à  idade
Resumo
Introduc¸ão:  Existem  controvérsias  no  que  se  refere  às  alterac¸ões  funcionais  da  orelha  média
com o  passar  dos  anos.
Objetivo:  Avaliar  as  mudanc¸as  na  impedância  da  orelha  média  que  podem  estar  relacionadas
ao envelhecimento,  bem  como  qualquer  associac¸ão  dessas  alterac¸ões  com  as  que  ocorrem  na
orelha interna.
Método:  Estudo  prospectivo  comparativo  de  pacientes  idosos  atendidos  em  ambulatórios  espe-
cializados em  otorrinolaringologia  e  aplicac¸ão  de  questionário  estruturado  para  obtenc¸ão  de
informac¸ões clínicas.  Foram  realizadas  audiometria  de  tons  puros,  timpanometria  e  reﬂexos
acústicos  e  análise  comparativa  para  detectar  as  diferenc¸as  intergrupos  entre  os  achados
clínico-audiométricos.
Resultados:  Participaram  do  estudo  103  pacientes  idosos:  52,4%  do  gênero  masculino;  idade  de
70 ±  63  anos;  perda  auditiva  relacionada  à  idade  detectada  em  59,2%;  timpanograma  anormal
em 39,3%;  e  reﬂexo  acústico  ausente  em  37,9%.  Não  foi  encontrada  associac¸ão  entre  idade
e gênero  em  pacientes  com  timpanograma  anormal  e  reﬂexo  acústico  ausente.  Um  número
signiﬁcantemente  maior  de  pacientes  com  diferentes  graus  e  conﬁgurac¸ões  de  perda  auditiva
relacionada  à  idade  apresentou  timpanometria  anormal  e  reﬂexo  acústico  ausente.
Conclusão:  Algumas  anormalidades  foram  observadas  em  medidas  de  impedância  audiométrica
em pacientes  idosos,  que  foram  signiﬁcantemente  associados  com  os  parâmetros  ligados  à  perda
auditiva relacionada  à  idade.
© 2014  Associac¸ão  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Publicado  por
Elsevier Editora  Ltda.  Todos  os  direitos  reservados.
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earing  involves  a  complex  interplay  and  integration  of
everal  mechanisms,  including  conduction  of  sound  waves
rom  the  environment  through  the  external  auditory  canal,
ibrations  of  the  tympanic  membrane,  stimulation  of  the
ransformer  mechanism  in  the  middle  ear,  as  well  as  the
ensory  hair  cells  of  the  cochlea  the  central  neuronal  con-
ections  with  termination  at  the  primary  auditory  cortex.
he  functions  of  some  of  these  mechanisms  are  affected  by
ging  and  tend  to  manifest  as  hearing  impairment,  which  is
articularly  common  in  the  elderly.
A  deﬁcit  in  hearing  acuity  is  the  most  common  sensory
isorder  that  has  been  associated  with  aging.1 In  fact,  stud-
es  have  shown  that  approximately  one-third  of  adults  aged
etween  61  and  70  years,  and  over  80%  of  those  older
han  85  years  have  clinically  obvious  difﬁculty  understanding
peech  and  following  conversations  in  the  presence  of  back-
round  noise.2,3 On  the  average,  hearing  threshold  increases
y  approximately  1  dB  per  year  for  subjects  aged  60  years
nd  above,  with  a  tendency  to  further  deterioration  with
ncreasing  age.4 At  audiometry,  up  to  35%  of  elderly  sub-
ects  above  60  years  had  pure  tone  average  threshold  of
5  dB  HL  or  more  at  frequencies  between  0.5  and  4  kHz,
hich  increased  further  to  50%  in  the  age  group  between
0  and  80  years.5 While  the  reported  prevalence  of  hearing
oss  among  elderly  subjects  vary  in  different  locations,  it  is
n  established  fact  that  it  increases  with  age.6Traditionally,  hearing  loss  is  classiﬁed  as  conductive,  sen-
ory,  neural,  or  mixed-type.  Age-related  changes  in  the  inner
ar  and  its  central  connections  have  been  well  documented
t
o
smong  elderly  subjects.  These  include  loss  of  sensory  hair
ells  of  the  cochlea  consequent  upon  generalized  degen-
rative  processes,  dysfunction  of  the  stria  vascularis  (the
ain  blood  supply  to  the  organ  of  Corti),  and  degenera-
ion  of  the  neurons  of  the  cochlear  nerve  or  its  central
onnections.7 In  the  external  ear,  wax  impaction  in  the
xternal  auditory  meatus  has  been  reported  to  be  dispropor-
ionately  more  common  in  the  elderly  patients  than  in  other
roups  of  patients,  causing  conductive  hearing  loss.8 This  is
 consequence  of  the  generalized  degeneration  of  epithe-
ia,  including  those  of  the  microcilia,  affecting  the  external
uditory  canal  without  an  accompanying  reduction  in  the
ate  of  wax  production.  Other  causes  of  conductive  hearing
oss  are  often  related  to  the  functioning  of  the  middle  ear.
Compared  with  other  categories  of  patients,  little  atten-
ion  has  been  paid  to  the  conductive  middle  ear  components
n  elderly  patients.  Controversies  arise  concerning  the  func-
ioning  of  the  middle  ear  as  age  advances.  While  some
tudies  concluded  that  the  conducting  mechanisms  of  the
iddle  ear  remain  normal  and  functional,  or  that  they  may
lay  no  serious  role  in  the  hearing  impairment  associated
ith  aging,9,10 others  observed  some  changes  in  the  dynamic
haracteristics  of  the  middle  ear  that  may  be  related  to
ging.11,12 This  might  have  resulted  from  different  types  of
nstruments  used  for  assessing  the  middle  ear  functions.  As
art  of  the  study  on  the  epidemiology  of  hearing  impairment
mong  elderly  patients,  the  author  performed  both  pure-
one  and  impedance  audiometries  (tympanometry)  to  assess
he  functions  of  the  inner  and  middle  ear,  respectively.13 The
bservation  of  certain  abnormal  tympanometric  tracings  in
ome  patients  with  normal  audiograms  and  in  patients  with
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supposedly  purely  sensorineural  hearing  loss  (SNHL)  stimu-
lated  this  research.
This  study  aimed  to  assess  whether  there  were  changes
in  the  middle  ear  impedance  that  may  be  related  to  aging,
and/or  whether  there  were  any  association  of  these  changes
with  those  of  the  inner  ear  in  the  elderly  subjects.  This  is
justiﬁable  because  hearing  loss  impacts  the  quality  of  life  of
elderly  subjects.
Methods
Study  design
This  was  a  prospective  (cross-sectional),  comparative  study
of  elderly  patients  followed-up  at  specialized  ear,  nose,  and
throat  (ENT)  clinics  for  a  three-year  period.
Setting/study  location
This  study  was  conducted  at  the  ENT  clinics  of  a ter-
tiary  referral  hospital  and  of  a  private/missionary  hospital.
Ethics  approval  for  this  study  was  obtained  from  the  Health
Research  and  Ethics  Committee,  under  approval  number
OOUTH/DA.326/T/197.
Sampling  criteria/technique
The  inclusion  criteria  were  elderly  patients  aged  60  years
and  above,  who  had  no  clinical  middle  ear  disease,
attended  one  of  the  ENT  clinics.  Patients  were  consecutively
recruited.  The  general  nature,  signiﬁcance,  requirements  of
the  patients,  including  the  fact  that  declining  to  participate
in  the  study  would  not  affect  treatment,  were  explained
to  the  patients.  Consenting  patients  were  included  in  the
study.  The  categories  of  the  patients  that  were  excluded
were:  those  who  did  not  consent,  history  of  recurrent  ear
discharges,  and  those  with  tympanic  membrane  perfora-
tions.  Patients  with  wax  impaction  were  treated  before
the  continuation  of  the  study  protocols.  Patients  without
complete  investigations  (both  forms  of  audiometry  --  pure
tone  audiometry  [PTA]  and  tympanometry),  with  asymmet-
ric  audiograms,  or  evidence  of  conductive  or  mixed  hearing
loss  in  their  PTAs  were  subsequently  excluded.
Study  period
January  of  2010--June  of  2013.Data  sources  and  collection  procedure/technique
Data  were  generated  using  interviewer-administered  ques-
tionnaires,  divided  into  three  sections.  Section  A  comprised
socio-demographic  information.  Section  B  consisted  of  the
medical  condition  including  questions  on  history  of  per-
ceived  hearing  loss,  duration  of  hearing  impairment,  and
present  or  previous  ear  surgeries,  among  others.
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Section  C  was  documentation  of  the  ﬁndings  on  phys-
cal  examination,  especially  the  status  of  the  tympanic
embranes,  and  records  of  the  audiometric  proﬁles  of  the
atients,  which  included  the  PTA,  tympanometry,  and  acous-
ic  reﬂexes.
At  PTA,  air  conduction  and  bone-conduction  evaluations
ere  performed  in  a  commercial  sound  booth,  using  an
mplivox  diagnostic  audiometer  model  240,  with  standard
arphones  enclosed  in  supra-aural  ear  cushions,  and  a  stan-
ard  bone-conduction  oscillator  and  headband  to  evaluate
ir-bone  gaps.  Tympanometry  was  conducted  by  broadband
iddle  ear  power  reﬂectance  and  measured  using  a  cali-
rated,  commercially  available  computer-controlled  system
Interacoustics  model  MT  10.SN  156607)  that  incorporated  a
igh-quality  probe  assembly  to  transduce  stimuli  and  record
coustic  responses  from  the  ear  canal.  The  acoustic  reﬂex
hresholds  were  tested  with  contralateral  stapedial  reﬂexes
or  frequencies  of  500,  1000,  2000,  and  4000  Hz;  the  thresh-
lds  were  considered  as  normal  when  elicited  between  75
nd  110  dB  HL.
Main  outcome  measure:  patients  were  paired  into  dif-
erent  categories  based  on  the  PTA  ﬁndings  as  Normal
r  Age-related  hearing  impairment-presbycusis).  The  tym-
anograms  were  classiﬁed  according  to  Jerger  types  A,  As,
d,  B,  and  C;14 with  type  A  considered  as  normal,  and  any
ther  tympanographic  types  as  abnormal,  while  acoustic
eﬂexes  were  classiﬁed  as  Present  or  Absent.
ata  analysis
escriptive  analysis  of  the  data  was  done  and  presented
n  tabular  and  graphical  forms.  Comparative  analyses
ere  performed  to  detect  inter-group  differences  between
he  clinico-audiometric  ﬁndings  and  different  middle  ear
easures,  viz.  tympanograms  and  acoustic  reﬂexes,  by
ross-tabulation  with  contingency  tables.  Categorical  varia-
les  were  presented  as  percentages  and  proportions  and
nalyzed  using  Chi-square  test,  while  continuous  variables,
resented  as  absolute  values  and  means,  were  compared
sing  Student’s  t-test.  The  level  of  statistical  signiﬁcance
as  set  at  p  <  0.05.  Data  analysis  was  performed  using  SPSS
ersion  19.0  (Chicago,  IL,  United  States).
esults
ne  hundred  and  three  (103)  elderly  patients  participated
n  the  study,  which  comprised  52.4%  males,  (M:F  =  1.1:1).
he  ages  of  the  patients  ranged  between  61  and  96  years
ith  a mean  ±  SD  of  70.0  ±  6.3  years.  The  socio-demographic
haracteristics  of  the  patients  are  shown  in  Table  1.  Over
alf  (59.2%)  of  the  patients  had  audiometric  evidences  of
RHL,  and  the  Schuknecht  typology  is  represented  in  Fig.  1.
he  impedance  audiometry  ﬁndings  based  on  tympanomet-
ic  tracings  according  to  Jerger’s  classiﬁcation  revealed  that
n  average,  60.7%  of  the  participants  had  normal  (type  A
ympanograms),  with  a  high  concordance  between  the  two
ars.  The  acoustic  reﬂexes  were  present  in  an  average  of
2.1%  of  the  patients.  The  details  of  the  impedance  audio-
etric  proﬁle  of  the  patients  are  shown  in  Table  2.
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Table  1  Socio-demographic  characteristics  of  the  patients.
Variable  n  %
Age  group  (years)
61--65  27  (26.2)
66--70 35  (34.0)
71--75 25  (24.3)
76--80 10  (9.7)
≥81 6  (5.8)
Mean ±  SD  70.0  ±  6.3
Gender
Male 54  (52.4)
Female  49  (47.6)
Marital  status
Married  83  (80.6)
Others (divorced/widowed)  20  (19.4)
Education  level
No  formal  education  3(2.9)
Primary  school  21  (20.4)
Secondary  school  55  (53.4)
Tertiary  24  (23.3)
Occupation  group
Unskilled  17  (16.5)
Semi-skilled  44  (42.7)
Professional  42  (40.7)
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Type A, 13.6%
Type B, 10.7%
Type C, 21.4%
Type D, 13.6%
Type A Type B Type C Type D
Figure  1  Distribution  of  PTA  ﬁndings  of  the  patients.
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dAge,  gender,  and  PTA  ﬁndings  of  the  patients  were  com-
aratively  analyzed  against  the  tympanometric  ﬁndings  in
able  3.  Based  on  the  age  distribution  of  the  patients,
hey  were  subdivided  into  two  groups,  ≤  70  and  >  70  years.
here  were  no  statistically  signiﬁcant  differences  in  the
ympanograms  regarding  age  (t  =  1.498,  p  =  0.137)  and  gen-
er  (2 =  1.837,  p  =  0.175)  of  the  patients.  There  was  a
ifference  when  the  hearing  status  (PTA  ﬁndings)  was  com-
ared;  signiﬁcantly  more  patients  with  age-related  hearing
oss  (ARHL)  had  abnormal  tympanometric  ﬁndings.  These
ere  also  obvious  when  considering  the  different  patterns
f  audiometric  ﬁndings  that  were  observed  in  patients  with
RHL.  Further  analysis  of  the  PTA  of  patients  with  ARHL,
onsidering  the  degrees  of  hearing  losses  calculated  as  pure
one  averages  (PTAv)  in  dB  HL  at  the  low  (0.25,  0.50,  1.0  kHz)
d
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Table  2  Impedance  audiometric  ﬁndings  in  the  patients.
Variable  Right  ear  (%)  
Tympanometry  (Jerger’s  type)
A 60  (58.3)  
B 6  (5.8)  
C 14  (13.6)  
AS 22  (21.4)  
Ad 1  (1.0)  
Acoustic reﬂexes
Present  65  (63.1)  
Absent 38  (36.9)  chuknecht’s  typology  only  for  patients  with  ARHL.
nd  the  high  (2.0,  4.0,  and  8.0  kHz)  frequencies  was  per-
ormed.
Exploring  the  PTAv  in  the  better  ear  at  the  low
0.25--1.0  kHz)  frequencies  revealed  a  mean  of  28.7  dB
L  (SD  =  18.0).  Low  frequency  accentuation  of  the  audio-
ram  was  taken  as  at  least  40  dB  HL  for  the  PTAv  (WHO
lassiﬁcation  for  moderate  hearing  loss)  at  the  low  frequen-
ies.  At  the  high  (2.0--8.0  kHz)  frequencies,  computation  of
he  PTAv  in  the  better  ear,  resulted  in  a  mean  of  45.4  dB  HL
SD  =  23.0).  Estimate  of  the  differences  in  the  PTAv  between
he  high  tones  and  low  tones  in  the  better  ears  revealed  a
ean  of  24.1  dB  HL  (SD  =  10.1),  thus  a  value  of  ≥  25  dB  HL
ifference  was  used  as  the  criterion  for  a  high  tone  prepon-
erance  of  the  audiogram.
The  PTAv  at  the  low  and  high  frequencies  in  the  better
ar  and  other  parameters,  namely  low  tone  accentuation
Left  ear  (%)  Average  (%)
65  (63.1)  62.5  (60.1)
7  (6.8)  6.5  (6.3)
9  (8.7)  11.5  (11.2)
21  (20.4)  21.5  (20.9)
1  (1.0)  1  (1.0)
63  (61.2)  64  (62.1)
40  (38.8)  39  (37.9)
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Table  3  Relationship  between  clinico-audiometric  and  tympanographic  ﬁndings.
Clinico-audiometric  parameter  Tympanographic  ﬁndings
Normal  Abnormal  Statistic  p-value
Age  (mean)  69.2  71.1  1.498a 0.137
Sex
Male 46.6% 60.0% 1.837  0.175
Female 53.4% 40.0% 1.837 0.175
ARHL  (all  cases) 46.6% 75.6% 8.827 0.003
Schuknecht’s  type  in  ARHL
Type  A  19.0%  6.7%  14.252  0.001
Type B  3.4%  20.0%  13.542  0.001
Type C  15.5%  28.9%  8.012  0.018
Type D  8.6%  20.0%  6.641  0.036
PTAv in  best  ear
Low  frequency  (0.25--1.0  kHz)  21.6  37.7  5.001a <0.001
High frequency  (2.0--8.0  kHz)  38.2  54.6  3.833a <0.001
Low tone  accentuation  11.1%  64.7%  17.872  <0.001
High tone  preponderance  53.9%  29.4%  5.482  0.019
a
w
p
t
DStatistic, Student’s t-test.
and  high  tone  preponderance,  were  compared  with  the  tym-
panometric  ﬁndings  in  patients  with  ARHL.  All  parameters
presented  statistically  signiﬁcantly  differences  for  tympa-
nometric  abnormalities,  as  shown  in  Table  3.
A  similar  comparative  analysis  was  performed  with  the
acoustic  reﬂexes  as  the  outcome  variable.  Similar  to  tym-
panometric  ﬁndings,  there  were  no  associations  between
age  of  patients  that  had  absent  acoustic  reﬂexes  (t  =  0.970,
p  =  0.334),  and  gender  (2 =  0.363,  p  =  0.549)  in  Table  4.  Sta-
tistically  signiﬁcant  differences  were  observed  for  patients
T
s
a
Table  4  Relationship  between  clinico-audiometric  ﬁndings  and  a
Clinico-audiometric  parameter  
Normal  
Age  in  years  (Mean)  69.5  
Sex
Male 54.8%  
Female 45.2%  
ARHL (all  cases)  50.0%  
Schuknecht’s  type
A  12.9%  
B 4.8%  
C 17.7%  
D 14.5%  
PTAv in  best  ear
Low  frequency  (0.25--1.0  kHz)  24.1  
High frequency  (2.0--8.0  kHz)  39.3  
Low tone  accentuation  19.4%  
High tone  preponderance  48.4%  
a Statistics, Student’s t-test.ith  ARHL,  those  with  type  B  Schuknecht  audiometric
attern,  the  PTAvs,  and  also  in  patients  with  low  tone  accen-
uation  of  their  PTAs.
iscussionhis  study  has  demonstrated  that  elderly  patients  had
ome  functional  anomalies  in  the  middle  ear  impedances
nd  acoustic  reﬂexes.  Impedance  audiometric  abnormalities
coustic  reﬂexes.
Acoustic  reﬂex
Abnormal  Statistic  p-value
70.8  0.970a 0.334
48.8%  0.363  0.549
51.2%  0.363  0.549
73.2%  5.487  0.019
14.6%  4.961  0.085
19.5%  10.106  0.006
26.8%  2.937  0.230
12.2%  0.154  0.925
35.9  3.326a 0.001
54.5  3.448a 0.001
63.3%  12.191  <0.001
36.7%  0.856  0.355
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ere  signiﬁcantly  higher  in  elderly  patients  with  various
orms  and  degrees  of  ARHL,  being  more  pronounced  in  neural
nd  strial  types,  and  in  low  frequency  accentuation  of  ARHL.
coustic  stapedial  reﬂexes  appeared  to  be  less  inﬂuenced
y  ARHL  than  tympanometry,  and  it  may  be  a  more  reliable
ndicator  of  abnormal  middle  ear  function.
Researchers  assessing  hearing  and  its  impairment  among
lderly  patients  have  focused  disproportionately  on  ARHL
elating  to  the  sensorineural  aspect  of  hearing,  with  appar-
nt  neglect  of  the  conductive  component.  However,  the
resent  study  revealed  that  an  average  of  39.3%  of  the
lderly  patients  had  abnormality  in  their  tympanometric
racings,  and  average  of  37.9%  had  absent  acoustic  reﬂexes.
t  cannot  be  conclusively  ascertained  whether  these  middle
ar  abnormalities  were  due  to  aging  process,  or  mere  coinci-
ental  ﬁndings.  Nondahl  et  al.15 reported  a  small  degree  of
iddle-ear  stiffening  occurring  over  the  years  among  older
dults.  An  animal  experiment  also  found  structural  changes
n  the  middle  ear  of  mouse  that  were  attributable  to  aging.16
There  was  no  signiﬁcant  difference  between  the  ages  of
lderly  patients  with  normal  or  abnormal  tympanograms  and
etween  those  with  and  without  acoustic  reﬂexes.  Gaihede
nd  Koefoed-Nielsen17 compared  compliance  and  middle
ar  pressure  measured  by  tympanometry  between  normal
lderly  subjects  (mean  age  77  years)  and  normal  younger
atients  (mean  age  29  years);  they  observed  that  middle
ar  compliance  was  not  inﬂuenced  by  variation  in  age.  Sim-
larly,  no  association  was  found  between  the  gender  of  the
atients  and  middle  ear  mechanics  analogous  to  ﬁndings  of
he  Blue  Mountains  Hearing  Study  in  Australia.18 These  are
t  variance  with  reports  concerning  presbycusis,  which  were
eported  to  be  signiﬁcantly  associated  with  advancing  age
nd  also  with  the  male  gender.19
The  prevalence  of  anomalies  observed  in  the  middle
ar  mechanisms  in  this  study  were  comparable  to  the
eported  prevalence  of  ARHL.20,21 This  may  suggest  a  simul-
aneous  or  concurrent  effect  in  both  the  inner  and  the
iddle  ear.  The  abnormal  tympanometric  ﬁndings  of  the
atients  revealed  that  the  Jerger’s  type  As  tympanogram
as  the  most  common  among  the  patients  similar  to  that
ound  among  centenarians  in  China,20 providing  an  evi-
ence  of  increased  stiffness  (reduced  compliance)  of  the
onducting  mechanisms.15 This  was  followed  by  the  type
 tympanogram  suggestive  of  eustachian  tube  dysfunction.
hus,  it  is  hypothesized  that  common  middle  ear  func-
ional  anomalies  may  be  attributable  to  either  of  these  two
athologies.  Sometimes  abnormalities  occur  in  the  tympanic
embrane  and  in  the  bony  ossicles,  resulting  in  signiﬁ-
ant  middle  ear  functional  impairment.16 There  is  evidence
hat,  with  advancing  age,  the  human  tympanic  membrane
xhibits  a  loss  of  vascularization,  a  reduction  in  collagen
tructure,  in  elasticity,  and  greater  rigidity  in  the  middle
brous  layer.22 These  structural  changes  would  be  expected
o  alter  the  compliance  response  of  the  middle  ear.  One
elated  investigation  of  air  and  bone  conduction  thresholds
as  observed  middle-ear  losses  of  as  much  as  12  dB  in  elderly
atients.23
The  possibility  that  ARHL  either  initiates  or  aggravates
bnormalities  in  the  impedance  characteristics  of  the  mid-
le  ear  should  also  be  considered.  The  audiometric  pattern
f  elderly  patients  with  ARHL  observed  in  the  present  study
howed  a  preponderance  of  Schuknecht’s  type  C,  such  as
t
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n  other  African  populations,24 and  distinct  from  the  typi-
al  sloping  pure  tone  audiogram  common  among  whites.25
he  ﬁnding  that  all  Schuknecht’s  audiometric  patterns  in
atients  with  ARHL  were  associated  with  tympanometric
bnormalities,  suggested  a  link  with  the  etiopathogenesis
f  these  two  entities  in  elderly  patients.  It  is  expected
hat  subjects  with  abnormal  tympanograms  should  mani-
est  with  hearing  loss  of  conductive  type.  However,  the
nding  of  these  tympanometric  patterns  also  in  patients
ith  normal  and  sensorineural  (ARHL)  hearing  loss  should
timulate  further  research  into  middle  ear  impedance
echanisms.
Using  Schuknecht’s  typology  in  patients  with  ARHL,  two
articular  types  of  audiograms  (B  and  C)  theoretically  had
ccentuation  at  the  low  frequencies.  In  this  study,  these
wo  audiometric  types  comprised  over  half  (33/61;  54.1%)
f  the  audiometric  types  in  patients  with  ARHL.  Thus,  the
ssociation  of  low  tone  accentuation  of  audiograms  with
bnormal  tympanograms  may  derive  from  the  dispropor-
ionate  distribution  of  these  two  audiometric  patterns  in
he  ARHL  patients.  Eustachian  tube  compliance  has  been
bserved  to  change  with  aging,26 but  whether  this  change
s  inﬂuenced  more  by  neural  or  strial  types  of  presbycusis
emains  to  be  ascertained.  Contrary  to  reports  of  Feeney
nd  Sanford,9 the  present  ﬁndings  suggest  an  increase  in
iddle-ear  stiffness  with  speciﬁc  types  of  ARHL.  Thus,
hese  impedance  middle  ear  changes  may  be  particularly
ommon  in  the  African  population,  and  need  further  clariﬁ-
ation.
It  is  noteworthy  that  there  were  discordant  ﬁndings  in
ome  of  the  middle  ear  measures  between  the  ears.  These
uggest  that,  despite  the  ears  being  exposed  to  almost  the
ame  conditions,  the  inﬂuences  and  the  responses  might  not
e  exactly  same.  The  possibility  of  confounding  factors,  such
s  osteoarthritis  (which  might  affect  ossicular  joints  of  the
ars  unequally,  producing  type  As  tympanogram),  may  also
e  considered.  Asymmetrical  audiograms  have  also  been
eported  in  patients  with  ARHL.13,24
Many  experts  consider  2.0  kHz  as  beginning  of  high  fre-
uency,  although  the  deﬁnition  varies.4,27,28 PTAv  at  high
requencies  and  high  tone  preponderance  HL  were  associ-
ted  with  abnormalities  in  tympanometric  ﬁndings  in  this
tudy.  Wiley  et  al. 29 reported  that,  for  younger  age  groups
50--69  years),  threshold  changes  were  higher  for  higher  fre-
uencies,  while  in  older  age  groups  (70--89  years),  threshold
hanges  were  higher  for  lower  frequencies.  Interestingly,
he  age  distribution  of  the  present  patients  is  in-between
hese  two  divisions.  Causes  of  high-frequency  hearing  loss
ave  a  wide  variability,21 and  there  is  a  possibility  of  co-
xistence  of  few  of  these  in  some  of  the  present  patients.
hus,  it  is  possible  that  not  enough  patients  with  pure  ARHL
ere  studied.  Conversely,  low  frequency  hearing  loss  is  not
asy  to  identify,  since  it  tends  to  be  asymptomatic.  In  fact,
ower  frequency  sounds  do  not  have  as  much  information  as
ounds  in  the  higher  frequencies.30 One  of  the  few  clues  to
 low-frequency  hearing  loss  is  that  the  person  has  difﬁculty
earing  in  groups  or  in  a  noisy  place.  It  was  reported  that
nertia  of  the  middle  ear  is  not  an  important  contribution
o  the  perception  of  bone  conduction  sounds  for  frequen-
ies  below  1.5  kHz,  but  appears  to  contribute  at  frequencies
etween  1.5  and  3.5  kHz.30 However,  this  statement  may  not
pply  to  air-conducted  sounds.
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The  pathway  involved  in  the  acoustic  reﬂex  is  com-
plex  and  can  involve  the  ossicular  chain,  cochlea,  auditory
nerve,  brain  stem,  facial  nerve,  and  other  components.  The
absence  of  acoustic  reﬂex  has  been  shown  to  effectively
detect  hearing  losses  exceeding  30  dB  in  adult  subjects,31
although  it  may  not  be  conclusive  in  identifying  the  source
of  the  problem.32 Like  impedance  measures,  parameters
related  to  ARHL  (namely  Schnekcht’s  type  B  audiogram,
PTAv,  and  low-tone  accentuation)  were  signiﬁcantly  asso-
ciated  with  absence  of  the  acoustic  reﬂexes  in  this  study.
However,  the  absence  of  the  acoustic  reﬂex  appeared  to
be  less  inﬂuenced  by  parameters  relating  to  ARHL,  and
it  may  possibly  be  a  more  reliable  parameter  in  assess-
ing  the  effect  of  ARHL  on  the  functioning  of  the  middle
ear.
This  study  had  some  limitations.  First  is  the  lower  sensi-
tivity  of  the  conventional  tympanometer  in  assessing  middle
ear  function  compared  with  sweep  frequency  middle-ear
analyzer.  The  fact  that  magnitude  of  the  acoustic  reﬂexes
was  not  ascertained  is  also  a  limitation.  Furthermore,  the
hospital-based  nature  of  the  study  is  prone  to  bias,  as
patients  may  not  represent  a  normal  population  of  the
elderly.  Despite  these  limitations,  the  study  was  able  to
demonstrate  that  the  middle  ear  functioning  of  elderly
patients  may  not  be  fully  normal.
Conclusion
Some  abnormalities  were  observed  in  impedance  audiomet-
ric  measures  of  elderly  patients,  which  were  signiﬁcantly
associated  with  parameters  related  to  ARHL.  This  arouses
suspicion  of  some  middle  ear  changes  that  may  be
attributable  to  aging.  It  is  imperative  that  elderly  patients
with  hearing  impairment  have  both  their  inner  and  mid-
dle  ear  assessed,  in  order  to  manage  them  optimally.
Community-based,  longitudinal  studies  are  needed  to  fur-
ther  clarify  these  ﬁndings.
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